INTRODUCTION
Pulse-echo thermal wave imaging is accomplished using a pulsed heat source (usually high-power flash lamps), an infrared (IR) video camera, and image processing hardware and software, all of which is controlled by a personal computer. The system has been described in detail elsewhere. [1, 2] Figure 1 shows the thermal wave imaging system in operation at the FAA's Aging Aircraft NDI Validation Center (AANC). As can seen from Fig. 1 , the imaging head is hand-held. The computer, power supplies, etc., are located some distance away at the end of a fifty-foot long cable, the other end of which can be seen attached to the imaging head in Fig. 1 . This same cable also carries the power for the flashlamps and the control signals from the computer. To make an image, the imaging head is held in place for three seconds. During this time, the flashlamps are fired, and a sequence of images is acquired and transferred to the computer's hard disk. The head can then be moved to the next area to be imaged. An area of approximately a square foot is imaged at each flash by the system, so that wide areas of the aircraft can be covered very rapidly. 
QUANTITATIVE CORROSION MEASUREMENTS
An algorithm based on a quantitative thermal wave model has been incorporated in the software of the thermal wave imaging system described above. This algorithm compares the early-time behavior of the thermal wave signal over the corroded region with that over an uncorroded region which is used as a reference. lmmediately after the acquisition of the image, the corrosion thinning is quantified by positioning two cursors over the image, one over an uncorroded reference region, the other over a region of suspected corrosion. The percentage of corrosion thinning, if present, immediately appears in an adjacent window, and, optionally, can also be stamped on the image at the position of the cursor. This procedure is illustrated in Fig. 2 below, which shows the measurement of a region of approximately 6% hidden corrosion on the B737 testbed aircraft at AANC. The two windows shown in Fig. 2 appear side by side on the computer screen, and are used for quantitative measurements. The window on the right shows a newly-acquired image with the reference cursor positioned on a background (uncorroded) area, and the measurement cursor positioned on a lighter area which is suspected of being corroded. The presence of corrosion is confirmed by the loss figurein the adjacent window which shows that 5.8% of the metal has been removed from the rear surface. Since the uncorroded skin is used as a reference, this method does not require a knowledge of the actual skin thickness. If absolute skin thickness measurements are required, a separate calibration panel of known thickness can be used as a reference.
To test the sensitivity of this algorithm, we prepared a lmm thick aluminum test panel having five intentionally corroded areas on its rear surface. These areas range from less than two percent to approximately eight percent corrosion thinning. As can be seen from Fig. 3 , all five of these areas are clearly visible in the thermal wave image. This figure also shows the percentage thinning in these regions, as it was obtained by the software. The percentage of corrosion metal loss for these five regions has also been measured independently, using a sensitive profilometer. A comparison between profilometer and thermal wave measurements of corrosion thinning for this panel is shown in Fig. 4 . This figure indicates that the thermal wave measurements are in excellent agreement with direct measurements using a profilometer on the rear surface, and also shows that the sensitivity of the thermal wave measurement is better than 2% for a 40 rnil alurninum skin. Wehave also compared the quantitative corrosion thinning measurements from our thermal imaging system with those obtained by ultrasonic techniques. These measurements were made on a second test panel, containing twelve milled circular rear-surface depressions. Profilometer measurements were also made on this panel, and the results of all three measurements are compared by plotting the thermal wave and ultrasonic measurements against those obtained with the profilometer. The results are shown in 
CONCLUSIONS
Thermal wave imaging has been demonstrated to have the capability of measuring aluminum aircraft skin thinning with a sensitivity better than 2% materialloss. lt's quantitative accuracy has been compared against direct profilometry of the corroded regions, as weil as against ultrasonic time of flight measurements. The thermal wave estimates of corrosion are in excellent agreement with these other techniques over a range from 2% to over 50% thinning. The thermal wave algorithm has been implemented in software which operates in real-time on a just acquired image, and which can stamp the corrosion percentage on the image in the location in which it was measured.
